range of temperatures and wind speeds. They used that data to calculate the heat transfer coefficient as shown in Equation (1) . ℎ = 10.45 + 10 1 
-
where ℎ is the heat transfer coefficient in (kCal/m 2 h°C), and is wind velocity in m/s. Using Equation (1), they calculated the wind chill index as shown in Equation ( 2).
where is an arbitrary wind chill index in (kCal/m 2 h), is the temperature of the surroundings, and it is assumed that the skin temperature is 33°C.
was later calibrated against cold sensation such as Cold, Very Cold, Bitterly Cold and Exposed Flesh Freezes. Their model was too crude and suffered serious criticism in the scientific literature [7] . As mentioned in [8] , giving the following response, Siple admitted "Looking back, we perhaps made a rather too naïve approach, and we may have made assumptions which were a little careless. However, from a practical standpoint, I think we evolved a scheme that has been of some use."
The Osczevski model considers various parts of the human body and modes of heat transfer [8, 9] . In his studies, heat transfer coefficients were computed for head and face separately, as shown in Equations (3) and (4) .
where ℎ ℎ is the head heat transfer coefficient in (W/m 2 K), and is wind velocity in m/s.
where ℎ is the facial heat transfer coefficient in (W/m 2 K), and is wind velocity in m/s. The Osczevski model [8] takes into account the radiative and convective factors of the heat loss, as shown in Equations (5) and (6) .
where ℎ is the radiative heat transfer coefficient in (W/m 2 K), is the emissivity (estimated to be about 0.04 [10] ), is the Stefan-Boltzmann constant and ̅ is the mean air temperature.
where ℎ is the convective heat transfer coefficient in (W/m 2 K), and is wind velocity in m/s. Osczevski [8] delivered the Wind Chill Index model for facial cooling. His model is based on heat flow per unit area, as shown in Equation (7) .
where is the heat flow per unit area (W/m 2 ), ℎ is the cheek skin temperature (°C), ℎ is the thermal resistance of skin in (m 2 K/W), and it is assumed that the core body temperature is 37°C. Using the calculated value of Q, Osczevski's Wind Chill Index for facial cooling can be calculated using Equation (8).
where is the Wind Chill Index (kCal/m 2 h), and ( ) is a function based on the temperature of the surroundings. Osczevski [8] associated the discomfort descriptor with various values of the Wind Chill Index, as shown in Table 1 . In addition, this work also gives a plot of the Wind Chill Index with wind speed for different facial temperatures (shown in Figure 2 ). These values could be controversial and may be different for each individual [11] .
Discomfort Descriptor

Wind Chill Index (kCal/m 2 h)
Cold 800
Very Cold 1000
Bitterly Cold 1200
Exposed Flesh Freezes 1400
°°
Osczevski and Bluestein published a new wind chill equivalent chart in 2005 [12] . This model is widely accepted and being used by various meteorological departments around the globe [13] . This model computes the wind chill temperature, also known as the efffective or feels like temperature, from wind speed and surrounding temperature, as shown in Equation 
where is wind chill temperature in (°C), is temperature of the surrounding air in (°C), and is the wind speed in (km/h). The results can be plotted in a chart, as shown in 
Researchers have also argued the merits of wind chill estimation [14] .
The objective of this work is to study wind chill effect in a controlled environment (cold room at The Arctic University of Norway). In this work, wind drift is recorded experimentally and verified using computational fluid dynamics (CFD) modeling.
A cold room at The Arctic University of Norway, Tromsø, provides a suitable environment for testing wind chill effect. The dimensions of the room are shown in Figure 5 .
The cold room can be set as low as -40°C; however, due to a technical limitation with its cooling system, it is not advisable to maintain this temperature for an extended period of time. The ideal operating condition for the cold room chamber is between -20°C and -25°C. Humidity was kept low to avoid icing over the evaporator blades.
Mounted in the room is an evaporator with two fans, as shown in Figure 5 . The evaporator brings into the room coolant, which is circulated by the fans. The fans provide variable wind drift in the room. This wind drift is measured using an anemometer (TSI® Velocicalc® Air Velocity Meter Model 5725) as shown in Figure 4 . These are average velocity values.
In order to understand the wind drift in a cold room, a computational fluid dynamics (CFD) model of the cold room was built and analyzed using ANSYS® CFX [16] . Figure 6 shows the finite volume mesh of the cold room. The auto-meshing function was used to generate CFD meshes. Mesh sensitivity analysis was performed to ensure the correctness of the results. K-Epsilon (K-ϵ) turbulence model was used. The boundary layers around the room were not resolved, to conserve the computations. Inlet boundary condition was applied at fan inlets as shown in Figure 7 (a). The real time wind velocity was measured using an anemometer (TSI® Velocicalc® Air Velocity Meter Model 5725 [15] ) and applied as a ® boundary condition. This value was found to vary between 8-10 m/s. The constant pressure outlet boundary condition was applied at the inlet of the cooling system as shown in Figure  7 (b).
In this study, we have used a Fluke® Ti55 IR camera. The camera is shown in Figure 8 . Table 2 summarizes the features of the Fluke® Ti55 IR camera. SmartView® image analysis software is used to analyze the data from the Fluke® Ti55 IR camera [17] . The software provides a number of features to analyze the images according to the needs of the user. SmartView® software helps to visualize both the digital and IR images in the same profile, as shown in Figure 9 .There are different analysis settings in SmartView® software to change colors, saturation, color alarm, display markers, emissivity settings, and background temperature.
Infrared imaging has been used previously for the study of cold objects such as ice [19, 20] . [15] ) as shown in Figure 10 . These are average velocity values.
Field of View (FOV)
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Computational fluid dynamics (CFD) results validated the measured results within reasonable accuracy. The CFD results are shown in Figure 11 . Figure 11 (a) shows the velocity streamlines in a cold room, while Figure 11 (b) shows the velocity contours in the plane horizontal to the fans in the cold room.
In order to see the effect of wind chill, IR images of subjects were taken in a cold room chamber. The subjects were wearing cold protection dress ( Figure 12 ) in order to be safe from any harm during the experiments. The subjects were asked to remain in position for around five minutes before the images were taken.
Due to the limited field of view of the Fluke® Ti55 IR camera (refer to Table 2 ) [17] , the subjects can only be placed at two positions in the cold room. These positions were B and H (refer to Figure 10 ). The obtained IR images were analyzed in SmartView® software [18] . The results are shown in Figure 13 and Figure 14 . It is evident from the images that temperatures were higher at position H in comparison to position B. This is due to the fact that wind velocity was 7.5 m/s at position B and 0.72 m/s at position H. The same result is illustrated by drawing a line from hand-to-hand of Subject 1. The temperature profile clearly indicates the temperature differences. It is shown from Figure 15 that the lower end of the temperature is around -20°C. This value increases to about -18°C in Figure 16 . This clearly demonstrates the fact that there is more heat loss at position B in comparison to position H. During these experiments, the air temperature of the cold room chamber was about -22°C.
It is evident from the infrared imaging results that the recorded temperatures vary with different wind drifts, even though the surrounding temperature is constant (-22°C). Under higher wind drift, the recorded temperatures are lower and vice versa. This demonstrates that the heat loss is greater when the recorded temperatures are lower. Therefore, higher wind velocity results in higher heat loss and stronger wind chill factor.
